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A b s t ra c t This paper examines the relationship between exchange rate fluctuations and New Zealand export performance. To isolate the impact of the exchange rate, as opposed to contemporaneous (and related) fluctuations in New Zealand's economic performance or overseas market characteristics, we focus on bilateral export relationships at the firm level and control for both time-invariant country characteristics and changes in aggregate economic conditions. We examine two key margins of export adjustment -the probability of exporting (the extensive margin) and the average value of exports per firm (the intensive margin) -and distinguish between impacts on market incumbents and new or potential entrants. Finally, we specifically take account of the potential for interaction between the level and volatility of the exchange rate to affect exporting, as implied by theories of exchange rate hysteresis.
E xe c u t i ve S u m m a r y
We examine the relationship between exchange rate fluctuations and New Zealand export performance. To isolate the impact of the exchange rate, as opposed to contemporaneous (and related) fluctuations in New Zealand's economic performance or overseas market characteristics, we focus on bilateral export relationships at the firm level and control for both time-invariant country characteristics and changes in aggregate economic conditions. We examine two key margins of export adjustment -the probability of exporting (the extensive margin) and the average value of exports per firm×country relationship (the intensive margin) -and distinguish between impacts on market incumbents and new or potential entrants.
We contribute to the international literature by addressing the potential for interaction between the level and the volatility of the exchange rate, as implied by theories of exchange rate hysteresis. By increasing the uncertainty firms face regarding future export returns, more volatile exchange rates are expected to reduce exporters' sensitivity to the current exchange rate level. Our empirical results provide support for this hypothesis.
We find significant impacts of bilateral exchange rate levels on both the propensity to export and the value of exports per relationship. On average, a ten percent increase in the bilateral exchange rate (corresponding to around one standard deviation over the sample period) reduces average exports to that destination by around three percent among committed exporters, and reduces the probability of a new firm entering the destination by around 0.04 percentage points. While the probability of exit is found to be unresponsive to exchange rate changes in general, this appears to be driven by a small group of high-value, committed export relationships. When we exclude those firm×country relationships which are observed in every year (and hence are unresponsive to observed exchange rate changes by definition) we find that a ten percent increase in the bilateral exchange rate reduces the probability of remaining in that market by 0.07 percentage points among the remaining exporters. Exchange rate volatility is also shown to have a negative effect on the intensive margin, but does not appear to affect market entry or exit.
Although high and volatile exchange rates appear to negatively affect bilateral export performance in general, the empirical estimates suggest that this relationship is reversed for Australia. This is consistent with the Australian market providing something of a "safe haven" for New Zealand exporters in the face of global macroeconomic shocks.
Finally, we find systematic differences in the exchange rate sensitivity of different groups of firms. Greater product differentiation (a proxy for the ability to exercise market power) appears to reduce exchange rate sensitivity, both in terms of export propensity and the value of export receipts among continuing exporters. Meanwhile, firms that export to a larger number of markets appear to be less sensitive to the level of the bilateral exchange rate with their existing markets, but more sensitive with respect to entry into new markets. E x c h a n g e ra te fluctuations a n d t h e m a r gins of expor ts
M o t i va t i o n
The impact of exchange rate fluctuations on export performance and investment incentives has been a significant topic of debate in New Zealand over the last decade. Alongside a sustained period of appreciation in the 2000s, the New Zealand dollar has exhibited substantial fluctuations against the currencies of major trading partners. Both the level and volatility of the exchange rate are cited by firms as challenging their ability to earn overseas income (Statistics New Zealand, 2012) .
We examine the relationship between exchange rate fluctuations and New Zealand export performance. To isolate the impact of the exchange rate, as opposed to contemporaneous (and related) fluctuations in New Zealand's economic performance or overseas market characteristics, we focus on bilateral export relationships at the firm level and control for both time-invariant country characteristics and changes in aggregate economic conditions. We examine two key margins of export adjustment -the probability of exporting (the extensive margin) and the average value of exports per firm (the intensive margin) -and distinguish between impacts on market incumbents and new or potential entrants.
This distinction is important for understanding the sensitivity of aggregate exports to currency movements. If market entry is costly, a substantial fall in the relative value of the New Zealand dollar may be required to induce firms to enter a new market and export adjustment will generally have to come through intensive margin adjustments by existing exporters. Conversely, if individual firms' export supply curves are inelastic due to capacity constraints or quasi-fixed input levels, this will reduce the amount of adjustment that is possible by incumbent exporters.
We specifically take account of the potential for interaction between the level and volatility of the exchange rate to affect exporting, as implied by theories of exchange rate hysteresis (eg, Dixit, 1989; Campa, 2004) . In the presence of export market entry costs, firms' market entry decisions are based not only on the current profitability of exporting (affected by the current exchange rate), but also by their expectations of future profitability. By breaking the link between the present and future expectations of the exchange rate, exchange rate volatility increases uncertainty about future profits and may therefore make firms less responsive to current exchange rate movements. While the individual impacts of exchange rate levels and volatility have received some attention in the empirical literature, this paper is, to our knowledge, the first study to address the interaction between levels and volatility. 1 We find significant impacts of bilateral exchange rate levels on both the propensity to 1 In this sense, our paper is closest to Fitzgerald & Haller (2014) , who compare firm level responses to exchange rate fluctuations with responses to tariff reductions. While the former involves significant uncertainty, the latter can be treated as having a permanent effect on expected export returns. Fitzgerald & Haller (2014) show that firm-level exports react more strongly to the permanent tariff change than to temporary exchange rate movements. export and the value of exports per firm×country relationship. On average, a ten percent increase in the bilateral exchange rate (corresponding to around one standard deviation over the sample period) reduces average exports to that destination by around three percent among committed exporters, and reduces the probability of a new firm entering the destination by around 0.04 percentage points. While the probability of exit is found to be unresponsive to exchange rate changes in general, this appears to be driven by a small group of high-value, committed export relationships. When we exclude those firm×country relationships which are observed in every year (and hence are unresponsive to observed exchange rate changes by definition) we find that a ten percent increase in the bilateral exchange rate reduces the probability of remaining in that market by 0.07 percentage points among the remaining exporters.
Consistent with theories of export hysteresis, export propensity is found to be more sensitive to exchange rate levels for destinations with low to moderate exchange rate volatility, consistent with firms placing greater weight on current exchange rates where these are seen as providing a stronger signal of future rates. In contrast, in countries where exchange rates have been historically volatile, firms do not appear to be influenced by the current level of the exchange rate when making market entry and exit decisions.
Estimated exchange rate impacts for exports to Australia differ strongly from those observed for other markets, consistent with Australia's geographic and cultural proximity providing a special environment for New Zealand exporters. While appreciation of the New Zealand dollar is negatively related to both export propensity and the value of exports per firm in other markets, for Australia we find that the probability of exporting increases with the bilateral exchange rate, perhaps suggesting that Australia has been seen as something of a "safe haven" in the face of global macroeconomic shocks.
We also compare the degree of exchange rate sensitivity across different types of firms finding, in particular, that greater product differentiation (a proxy for the ability to exercise market power) reduces exchange rate sensitivity, both in terms of export propensity and the value of export receipts among continuing exporters. In addition, we find that more sophisticated exporters (those that export to a greater number of countries) are less sensitive to bilateral exchange rates with their existing markets, both in terms of the value of exports and the probability of exiting the market. However, these firms appear to take a more calculated approach to market entry, with entry propensity being more strongly affected by the level of the bilateral exchange rate than that of smaller exporters.
Section 2 sets out our conceptual framework and summarises the firm-level literature on the impacts of exchange rate fluctuations on export behaviour. Section 3 outlines the data and empirical methodology. Section 4 describes aggregate relationships between exchange rates and export performance and presents the firm-level empirical results. Section 5 concludes.
2 Co n c e p t u a l Fra m ewo r k Real appreciations of the New Zealand dollar relative to trading partner currencies affect the profitability of firms' export activities. 2 As the value of the New Zealand dollar rises, exporters must make a choice between maintaining market share relative to local producers by fixing the local currency price they charge consumers and accepting a reduction in their NZD-converted per-unit return, or maintaining their margins by fixing the NZD-converted per-unit return and instead accepting a reduction in demand as the local currency price increases in line with the exchange rate. In practice, pass-through of exchange rate movements is, on average, incomplete for New Zealand exporters (Fabling & Sanderson, 2015) , suggesting a mixed strategy. Whichever strategy they follow, New Zealand dollar appreciations (depreciations) can be expected to reduce (increase) the total value of firms' export sales. 3 In a static sense, this implies a negative relationship between the level of the New Zealand dollar relative to trading partner currencies, and the NZD-converted value of bilateral trade. However, exchange rate fluctuations can also be expected to have an indirect effect on future export receipts, due to costs and frictions associated with altering the volume of exports to a given destination. Recent advances in trade theory draw attention to the role of sunk entry costs in determining which firms export and under what conditions (eg, Melitz, 2003) . These models assume that firms will enter an export market only when their expected future profits from that market outweigh the initial costs of entry. Under this assumption, exchange rate fluctuations can influence entry and exit decisions in a range of ways.
If firms assume that exchange rates follow a random walk, their expectations of future rates (and hence future export profitability) will be correlated with the current level of the currency. Thus, current exchange rate levels can be expected to impact on export decisions through their impact on both the current value of exports (through direct impacts on the NZD-converted return on each unit of exports, or the quantity of New Zealand goods demanded in overseas markets), and the expected future value of exports (as high current levels raise the expected probability of high future levels). Alternatively, if firms believe that exchange rates are mean reverting, we would expect to see a much weaker relationship between the current level of the exchange rate and entry/exit decisions, as only firms which place a high value on current profits (for example due to a high discount rate, low entry costs, or very lumpy sales) will be influenced by current levels. 4 Consensus forecasts of the NZD/USD exchange rate suggest that forward-looking exchange rate expectations over a two year horizon are anchored by the current level, 5 implying that even if analysts have definite expectations about the future direction of 2 Throughout the paper we define the exchange rate as the number of foreign currency units required to purchase one New Zealand dollar (NZD). An appreciation of the exchange rate implies an increase in the value of the NZD, reducing the competitiveness of New Zealand exporters. The strategy followed and the consequent impact of exchange rate fluctuations on export profitability will be affected by a range of factors, including the elasticity of demand in foreign markets, the share of production costs which are incurred in the foreign currency, and whether firms engage in exchange rate hedging. 4 Results from Fabling & Grimes (2015) suggest that New Zealand exporters to Australia anticipate mean reversion when exchange rates are at extremes (outside the 25th to 75th percentile of the historical distribution). exchange rate changes, the current level remains an important factor in setting exchange rate expectations over the medium term. It is plausible that this relationship may be stronger for the currencies of smaller trading partners, as firms and analysts are less likely to have developed expectations about the future prospects of these countries and may therefore rely more heavily on current rates as an indicator.
Volatility in the exchange rate adds additional complexity to entry and exit decisions, by increasing the uncertainty associated with future export returns. When firms incur a sunk cost of market entry, a wedge is created between the exchange rate level at which firms would choose to enter a market and that at which incumbent exporters (including those with otherwise similar characteristics) would choose to exit. As firms require a more favourable exchange rate level to compensate for the uncertainty in future returns, volatility is expected to make entry decisions less responsive to changes in current exchange rate levels. Similarly, if firms anticipate that future movements may reverse a decline in export profitability, they may be more inclined to ride out unfavourable movements in the short-term. 6 At the same time, exchange rate volatility can be expected to have a direct effect on both the probability of exporting, and the desired level of exports. Clark (1973) (and later refinements by Hooper & Kohlhagen, 1978) show that risk aversion can generate a negative relationship between exchange rate volatility and exports, even with no change in the expected exchange rate level. If firms (managers) are risk averse, the firm's utility function is a direct function of the level of volatility. For a given expected value of future export profits, exchange rate volatility increases the uncertainty around that expectation, which reduces the perceived value to the risk-averse firm. This may affect decisions to export to particular markets, or encourage firms to limit their export intensity to reduce potential variation in overall profits.
While hysteresis is generally considered to primarily affect decisions about market entry and exit, there may also be hysteresis in the value of trade among incumbent exporters. This can occur if firms are locked into contractual arrangements to supply a good, have established distribution channels that generate an ongoing fixed cost which is insensitive to the volume of exports, or may reflect past investments in advertising and promotion.
While the individual impacts of exchange rate levels and volatility have received some attention in the empirical literature, this paper is, to our knowledge, the first study to address the interaction between level and volatility as implied by theoretical models of export hysteresis. In his seminal work on exchange rate hysteresis, Campa (2004) argues that exchange rate volatility may affect firm decisions about whether or not to enter export markets due to sunk costs of entry, as firms will be less willing to bear these up-front costs in the face of uncertain future returns. However, after the firm has borne these costs, volatility of the exchange rate should not affect export volumes, as the question of how much to export is a static decision based only on the current level of the exchange rate. In contrast, exchange rate levels affect both the decision of whether to export, 7 and, if so, how much. Campa (2004) examines the exporting behaviour of Spanish manufacturing firms finding that, while exchange rate levels have a significant effect on both export participation 6 Berthou (2008) examines the exchange rate responsiveness of bilateral exports, finding that New Zealand and Australia have among the lowest estimated elasticities of export value to the exchange rate. They argue that this may reflect the relative remoteness of the two countries, increasing the costs involved in each bilateral trade flow. However, it is not clear that this explanation can explain the country-specific results, as a number of European countries (including Germany, Finland, Belgium, and Switzerland) also have estimated elasticities which are not significantly different from zero. 7 Under the assumption that current exchange rates influence firms' expectations of the future exchange rate levels. and export revenues, exchange rate volatility has no independent effect on either margin. 8 In contrast to Campa (2004) , Greenaway et al. (2010) find that exchange rate uncertainty 9 affects export intensity among UK manufacturers, but not the export participation decision. Moreover, they suggest that the direction of uncertainty (whether the realised exchange rate is higher or lower than the expected exchange rate) influences the intensive margin effect. Both papers focus on exchange rate fluctuations at the firm or industry level, weighted by observed export destination composition, and then relate this to firm-level export participation. More recently, researchers have begun to distinguish the impacts of bilateral exchange rates on destination-specific export performance. Fitzgerald & Haller (2014) compare firm-level reactions to changes in relative exchange rate levels across destination countries to those associated with changes in tariffs, identifying impacts on both the intensive and extensive margins among Irish manufacturing, mining and utilities firms. They find that firms are less responsive to changes in the exchange rate than to changes in tariffs, which they attribute to the greater certainty associated with tariff reductions. They also find that the aggregate impact of both exchange rate changes and tariff cuts is primarily due to changes in the export revenues received by incumbent exporters for their existing product line, rather than adjustments in either the number of entering and exiting exporters, or the number of products exported by incumbents.
This latter finding is supported by Berman et al. (2012) , who show that while export market entry and exit among French firms are responsive to changes in exchange rates, the small size and lower productivity of the marginal entrant means they have little impact on aggregate export revenues. They find that around 90 percent of the aggregate impact of exchange rate fluctuations on export revenues are due to changes on the intensive margin. At the same time, Berman et al. (2012) find that the impact of exchange rate fluctuations on export revenues differs systematically across firms, with more productive firms inclined to absorb the exchange rate change into their margins, and hence exhibit a lower exchange rate response in terms of both export volume and unit values (though potentially a stronger impact on profitability).
We add to the literature by examining whether the predictions of the Dixit (1989) and Campa (2004) models are supported by observed patterns of exporting at the firm×country level, allowing for the current level of the exchange rate to interact with its recent volatility in determining firms' export decisions. We also follow Berman et al. (2012) in considering differences in export responses to exchange rate fluctuations across a range of firm characteristics. Firm-level exchange rates are defined as either a weighted average of bilateral exchange rates with the firm's export partners in 1990 and 1994 (for exporters), or a weighted average of bilateral exchange rates with the top four export partners of other firms in the same industry (for non-exporters in both 1990 and 1994). The conditional variance of the exchange rate expected at the start of each year is forecast based on a GARCH(1,1) model using the behaviour of historical exchange rates up to the end of the previous year.
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Uncertainty is measured as the difference between the spot rate and the three month forward rate from three months earlier.
Da t a a n d m e t h o d o l o g y
Firm-level data is sourced from the Longitudinal Business Database, which brings together a range of administrative and survey data linked to the Longitudinal Business Frame (see Fabling, 2009 ). In particular, this paper uses detailed shipment-level filings of merchandise trade data provided to the New Zealand Customs Service between January 1999 and September 2011. We supplement these trade data with firm-level activity indicators generated from goods and services tax (GST) returns, and aggregate data on bilateral real exchange rates and destination countries' gross domestic product (GDP) and population (see table A.1 for sources and construction of these data series). We limit attention to the 172 export destinations with available macroeconomic data.
The population of interest is defined as all active firms which exported to one or more of those destinations between January 2002 and September 2011, a total of 21,954 firms. 10 Firm and macroeconomic data from January 1999 onwards are used to generate indicators of firms' export history and bilateral exchange rate measures. 11 We separately examine the impact of exchange rate fluctuations on the intensive (New Zealand dollar value of exports per firm×country relationship) and extensive (probability of observing positive firm×country exports) margins. The intensive margin analysis makes use of over 700,000 quarterly firm-level trade observations over this period, where an observation is defined as the NZD-converted value of firm-level exports to a particular destination in that quarter. 12 For the extensive margin analysis, we allow exchange rates to differentially affect firms' decisions to enter a market and their decision to continue exporting to an existing market, by distinguishing between incumbent exporters (defined as firms which have exported to that destination at least once over the previous three years) and potential entrants to the market.
When considering entry into new export markets, the relevant population includes not only those firm×country export relationships which actually occurred, but also all other potential relationships which could have occurred. With 21,954 firms, 172 destinations and 39 quarters (2002Q1-2011Q3), this gives over 145 million potential trade observations, of which less than 0.02 percent are actually observed. We restrict this to a more manageable number in two ways. Firstly, we exclude any quarters in which the firm is inactive (defined as neither exporting nor filing a GST return with Inland Revenue). We then take a random sample of around 2.3 million observations from the active population, proportionate to the number of actual trade observations with each country (N j ) over the analysis period. Observations from Australia, the most common trade destination, are selected with a probability of one, while those from all other countries are selected with probability N j /N Aust . 13 This weighting scheme attempts to ensure that results reflect the impact of exchange rate fluctuations on actual export patterns, rather than a hypothetical world in 10 All firm counts reported in this paper have been random rounded base three in accordance with Statistics New Zealand confidentiality requirements.
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A small number of shipments valued at less than NZD1000 are excluded from all calculations as they are below the threshold for mandatory Customs reporting.
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Trade data is available daily. We use quarterly aggregations to improve the identification of entry and exit at the firm level, while maintaining an ability to apply a plausible "representative" exchange rate to each period.
13
Excluding non-active firms gives us a little over 715,000 observations for Australia. For a country such as the United States, which sees approximately half as many actual quarterly trade observations as Australia, we would therefore select a random sample of around 358,000 observations from the pool of actual and potential firm trade quarters. which all markets are served equally. 14 The impact of exchange rate fluctuations on the intensive margin is estimated through OLS regressions based on the following model:
where X ijt is the value of exports by firm i to country j in quarter t, RER jt captures the level of the bilateral real exchange rate between New Zealand and country j, CoV jt is exchange rate volatility measured as the coefficient of variation of the monthly RER jt over the previous 12 quarters, 15 Z it captures the value and recency of firm i's past export experience, V jt captures time-varying destination characteristics, S i captures the seasonality of the firm's export product mix, and ψ t and µ j are a full set of quarter and destination dummies, respectively. 16 To allow for hysteresis in both the probability of exporting and the value of exports per market, Z it includes a set of controls capturing the firm's historical exports to market j, in addition to indicators of the firm's historical exports across all other markets to capture the firm's overall export propensity. 17 These variables are defined in detail in appendix table A.1, and a full set of summary statistics is provided in table A.2. The extensive margin equation is identical except for the dependent variable, which becomes a binary indicator, δ(X ijt ), set to one if firm i exported to country j at time t and zero otherwise, and is estimated using a linear probability model to accommodate the size of the dataset and the use of a large number of fixed effects.
One difficulty in estimating the impact of exchange rates on export performance is the issue of selection -if an unfavourable exchange rate causes weaker firms to exit a market, the average export value of the remaining firms may actually increase, even if their individual export receipts fall. Ideally, this issue should be dealt with through the use of a selection model (eg, Heckman, 1979) , in which export participation is modelled as a first stage equation, and then the secondary equation for export value is adjusted to reflect the impact of non-random selection. However, this modelling technique requires identification of an "exclusion restriction" -one or more variables which can reasonably be expected to affect 14 For robustness, all extensive margin results are re-estimated using the same set of observations from Australia and a non-overlapping sample of observations from all other countries. The main results are robust to the alternative sample.
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The coefficient of variation is the standard deviation divided by the mean. Alternative measures of exchange rate volatility were also considered, including the gap between the maximum and minimum exchange rate levels over the past 12 quarters, and the gap between the 90th and 10th percentiles, both normalised by the mean level. The correlation between the three measures was very high (above 0.92 in all bilateral comparisons), and results for the main analysis did not differ markedly when using the alternative measures.
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In the main analysis, exchange rates are measured in the quarter in which the products were shipped. In sensitivity testing we allowed for lags between the date at which export contracts are signed and shipment of the goods by adjusting the firm and aggregate level information associated with each export shipment to reflect the information available to the firm in the quarter prior to shipment. This adjustment resulted in slightly weaker coefficients in general (suggesting that the contemporaneous exchange rate may indeed be the appropriate indicator), but did not appreciably change the main results.
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These controls take the form of a set of dummies indicating whether the firm exported to the country in question in each of the past three years, plus the log of average exports to that country per exporting-year and its square. the probability of exporting, but not the value of exports. 18 Since we lack a valid exclusion variable, we adapt the approach of Fitzgerald & Haller (2014) by estimating separate coefficients on the exchange rate variables for "committed" relationships -defined as those firm×country relationships which are observed in every year of the sample periodand "non-committed" relationships. Thus, the main analysis compares results of equation 1 with the extended equation:
Although committed relationships account for only six percent of all relationships, they make up around 30 percent of all quarterly trade observations and almost 75 percent of total trade value. If the intensive margin impacts differ according to firm or relationship characteristics, the results for committed relationships may not be generalisable to the wider population of exporters. However, given the large share of trade which is captured by these relationships, we take the committed exports estimates as the central estimate of the impact on the intensive margin, since it is not contaminated by exchange rate-induced market selection.
The same approach is applied to the extensive margin for incumbent exporters, though here the emphasis is on results for non-committed exporters, since, by definition, committed exporters do not respond on this margin. 19 As exchange rate cycles are quite persistent over time, the composition of the pool of incumbent exporters may change in response to the exchange rate, which may in turn affect estimates of the extensive margin impact. Suppose there are two types of firms -committed exporters, for which the benefits of exporting are sufficiently high that no observed level of the exchange rate would cause them to exit, and non-committed exporters, for which there is a threshold level of the exchange rate at which the firm chooses to exit the market. As exchange rate levels initially begin to rise, some non-committed exporters will drop out, generating a negative relationship between the exchange rate level and the probability of exporting. However, as levels rise further, the pool of incumbent exporters becomes more and more dominated by committed exporters. Thus, beyond a certain threshold level of the exchange rate, the observed probability of exit will actually decrease, as all remaining incumbent firms will remain in the market at any reasonable exchange rate level. Estimating separate coefficients for committed and non-committed exporters therefore serves to disentangle, at least partially, the composition effect from the true exchange rate impact on exit.
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Gravity models of aggregate bilateral exporting have been estimated using proxies for the fixed costs of market entry, such as distance and the existence of a common language, as exclusion variables. These are not appropriate in the context of firm-level models as between-firm variation in export propensity is at least as important as cross-destination variation, but entry cost variables are relevant only for the latter. While a selection model can be estimated without an exclusion restriction, the ability to control for selection is then based purely on assumptions regarding functional form. Campa (2004) uses the assumption that exchange rate volatility affects export propensity but not export intensity in order to motivate his use of a Heckman two-stage model. However, as noted above, there may be reasons why firms would choose to limit their exposure to a market in the face of exchange rate volatility while not completely withdrawing from that market -a hypothesis we wish to directly test. Greenaway et al. (2010) instead use simultaneous estimation via maximum likelihood, which they argue is more efficient than a Heckman model. In the absence of an exclusion restriction, this approach also relies on functional form assumptions to control for selection.
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We include results for committed exporters in table 2 for completeness, but note that the interpretation of the extensive margin coefficients for this group relates to their propensity to export in any given quarter, conditional on the firm exporting in at least one quarter of every year.
As well as considering whether exchange rate levels and volatility have independent effects on export performance, we also explore the role of exchange rate volatility on export hysteresis. In particular, we argued in section 2 that in the presence of sunk entry costs (or quasi-fixed ongoing costs of supplying a market), exchange rate volatility may weaken the relationship between current exchange rate levels and export responses. In order to explore this hypothesis, we augment equations 1 and 2 by introducing an interaction between the level of the exchange rate and a set of three dummies, δ k , k ∈ (low, med, high), to capture whether the currency of the country in question tends to exhibit a low, medium or high degree of volatility relative to the New Zealand dollar (equation 3). The dummies are constructed by taking the mean of the volatility variable across all observations within a country and dividing into three groups: observations in the bottom quartile (low), the two middle quartiles combined (med), and the top quartile (high). 20
Finally, we consider whether exchange rate responses differ according to characteristics of the exporter, by interacting the exchange rate level with a categorical indicator of firm characteristics. These indicators capture the firm's currency use and hedging behaviour (NZD use only; some use of non-NZD currencies, no hedging; some use of non-NZD currencies, some hedging), diversity of export markets (exports to 0-2 countries; 3-9 countries; 10+ countries), and extent of product differentiation (10% or less of export value in differentiated goods; 11-89% of value in differentiated goods; 90% or more of value in differentiated goods). 21 This provides an indication of whether exchange rate impacts are felt equally across firms with different levels of export sophistication or market power.
4 Re s u l t s
Aggregate analysis
Before turning to the firm-level regression analysis, we first describe the relationship between exchange rate fluctuations and export performance at the aggregate level. The New Zealand dollar has experienced varied fortunes against key trading partner currencies (figure 1). While the NZD/USD exchange rate approximately doubled over the analysis period and underwent dramatic swings during and after the Global Financial Crisis (GFC), the bilateral exchange rate with Australia was much more stable, finishing the period just slightly below its original level.
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While the extent of economic integration between countries may affect bilateral exchange rates (Broda & Romalis, 2011) , this link is not obvious in the classification of destination countries by exchange rate volatility (see Figure 2 plots average exports, the average number of active exporters, and average exports per exporter against the average level of the exchange rate over time (left hand side) and the degree of exchange rate volatility (right hand side) across all destinations. Each country's exports and exchange rate variables are weighted by that destination's average export value over the entire period. As such, these graphs present a picture of the relationship between aggregate export receipts (or number of exporters or average exports per firm) and a trade-weighted index of exchange rate changes over time. Figure 2 shows a negative relationship between total export revenue and exchange rate levels over time, particularly in the early 2000s (left hand side, panel A). This relationship appears to be driven by changes in the average export value per exporter, rather than the number of firms engaged in exporting, as panel B shows little (or if anything a slightly positive) relationship between exchange rate levels and the number of exporting firms. That is, in aggregate, fluctuations in the level of the exchange rate appear to act primarily through the intensive margin of exports. In contrast, the right hand side of figure 2 shows no clear relationship between the degree of exchange rate volatility over time and these same export performance metrics.
At the country level, however, there is a clear relationship between exchange rate volatility and export performance. Figure 3 plots destination-level averages of each of the three export outcomes against that destination's average exchange rate volatility over the period. Countries whose currencies are more volatile relative to the New Zealand dollar receive lower export values (panel A), and are served by a smaller number of New Zealand firms (panel B). Market selection is also evident -firms exporting to more volatile markets tend to be larger exporters, leading to a positive relationship between country-level exchange rate volatility and average export value per exporting firm (panel C). This may reflect either an unwillingness on the part of smaller exporters to accept the risks associated with volatile exchange rates, or simply a correlation between bilateral exchange rate volatility and other measures of export costs and attractiveness. 22
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Bilateral exchange rate volatility is negatively correlated with destination-country GDP per capita (correlation coefficient -0.39), but not noticeably correlated with distance from New Zealand (correlation coefficient of 0.05). Quarterly observations are averages of the country-level demeaned variables for each quarter. Exchange rates are weighted by total exports to each destination over the full observation period. Graphs include a simple linear trend in the export outcome variables. Destination-level averages of export outcomes plotted against destination-level average exchange rate volatility over the sample period. Graphs also show a fitted linear relationship between the two variables.
Observations weighted by mean trade to that destination over the sample period (represented by size of circles).
While continuing export relationships account for the vast majority of export value in any given year and committed exporters make up the bulk of export value across the period as a whole, the dynamics of entry and exit play an important role for the evolution of aggregate export value over time. Table 1 considers two two-year periods, one at either end of the 2000s, and decomposes export growth across those two periods into that coming from new entrants (those firm×country relationships which are observed in the later period but not the earlier period), from continuing relationships (firm×country relationships observed in both periods) and that lost through exiting relationships (those observed in the initial but not the later period). 23 Over this timeframe, while continuing relationships make up the smallest group in numeric terms, these relationships account for only a slightly lower share of net export value growth than new relationships, with around NZD7.5 billion higher annual average exports in the late 2000s compared to the earlier period. The vast majority of this growth (NZD6.9 billion or 92 percent) comes from export relationships which were observed in every year. Changes at the extensive margin make a similar contribution to continuers -new relationships contribute an average of NZD8.2 billion per year in the later period, while NZD7.6 billion worth of export relationships cease over the course of the decade. 24 In the next section we examine the extent to which firm-level patterns of entry, exit and growth are driven by exchange rate fluctuations.
Fir m-level regression analysis
In order to identify the impact of the exchange rate separately from other confounding influences, such as macroeconomic conditions, we now turn to a regression analysis at the firm×country level. Table 2 presents results based on equations 1 and 2, in which only direct effects of exchange rate fluctuations are considered. By including country and time fixed effects, exchange rate impacts are identified from the correlation between deviations in quarterly NZD-converted export receipts from their country-specific mean value, and deviations in the current bilateral exchange rate measures from their country-specific mean. This estimation strategy serves to isolate the impact of exchange rate fluctuations from other (potentially related) variables, including country characteristics (distance, language, relative income levels) and aggregate economic performance in New Zealand (through the inclusion of time fixed effects). Sensitivity testing to determine whether results were being driven by particular markets indicated that exports to Australia (which makes up nearly 25 percent of all observations) 23 Changes in annual export values are expressed 2011Q3 dollars, based on the Reserve Bank of New Zealand's quarterly export price deflator.
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This decomposition suggests a substantially lower contribution of continuing relationships than found by Fabling & Sanderson (2010) . In that paper only 25 percent of growth between 1996-98 and 2006-08 was attributed to new firm×country relationships (the analysis did not separately account for the loss of value from exiting relationships). This may in part reflect the differing economic conditions over the two analysis periods -the 2000s saw a period of sustained exchange rate appreciation from a relatively low base as well as severe economic shocks from the GFC. This may have led to a greater degree of exit over the 2000s if many incumbent exporters were particularly susceptible to exchange rate appreciations, having entered at a time when rates were favourable. The GFC in turn may have elevated exit rates, and potentially increased subsequent entry rates as new exporters moved to fill gaps in the market left by exiting firms.
exhibit a different pattern of exchange rate impacts to other major destinations. 25 This may reflect the special position Australia holds for New Zealand exporters as a geographically and culturally proximate market with minimal barriers to trade, as well as the relative macroeconomic performance of Australia over recent years. All regressions therefore include additional interaction variables to capture the country-specific relationship between the exchange rate and export performance for exporters to Australia. Table 2 presents results for both the intensive and extensive margin. For the former, exchange rate impacts are estimated for all relationships following equation 1 (column 1) and then with separate coefficients for committed and non-committed relationships following equation 2 (column 2). For the extensive margin, we estimate the relationships for incumbent exporters (columns 3 and 4) separately from potential entrants (column 5), where the former is estimated on the full population of incumbents and the latter on a random sample of actual and potential entrants. We focus on the exchange rate level coefficients that capture the main margin of responsiveness for each of the three exporter types (shown in bold type) -the intensive margin effects among committed export relationships (column 2), the extensive margin for non-committed relationships (column 4), and the entry margin effects for non-incumbents (column 5).
Setting aside Australia, table 2 shows a negative relationship between export performance and the relative level of the exchange rate, ln(RER), across all three margins. Estimated across all export relationships, a ten percent increase in the level of the exchange rate index is associated with a 1.4 percent fall in the value of exports to a given country (column 1). The estimated impact is consistently signed for committed and non-committed export relationships, but is more than four times as strong for the former group (column 2) presumably, in part, reflecting the fact that non-committed exporters also respond to the exchange rate level via the extensive margin (column 4). 26 Given the relative importance of committed exporters to aggregate trade growth (table 1) , and the lack of extensive margin contamination, we take the committed results from column 2 -that a ten percent increase in the bilateral exchange rate is associated with a 3.2 percent decrease in export values -as the preferred intensive margin estimate.
Across the full population of incumbent exporters, column 3 suggests that, on average, firms do not exit from export markets in response to the level of the exchange rate. However, allowing for separate estimates for committed and non-committed exporters, column 4 shows a negative impact on the probability of continued exports among non-committed exporters, with a 10 percent rise in the bilateral exchange rate leading to a reduction of 25 Sensitivity tests included re-estimating equation 3 three times, each time dropping out the largest export destination from the low (Australia), medium (United States) and high (Japan) volatility country groups respectively. The exclusion of the US and Japan made little difference to the overall results. In contrast, excluding Australia substantially increased the estimated impact of exchange rates across all three margins. In a second sensitivity test we re-estimated equations 1 and 2 while allowing the exchange rate levels effect to differ for each of New Zealand's top six trade destinations by trade frequency (Australia, Japan, United Kingdom, United States, Korea and China). Coefficients for Australia were significantly different from the base case (all other destinations) at the 1% level across all three margins. Comparing across the major markets, Australian coefficients for the intensive margin differed from those of three of the five main destinations at the 5% level or better, and for the extensive margin differed significantly from all five destinations at the 1% level. Country-specific coefficients for the other five destinations were not significantly different from the base case in 11 out of 15 cases and, where significant, did not affect the sign of the estimated effect.
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Market exit could be a deliberate strategy of the firm, recognising that a high exchange rate will impact on profit margins, or could reflect the effect of price sensitivity on the part of foreign market customers if exporters pass some proportion of the exchange rate change onto those customers. Fabling & Sanderson (2015) show that, through invoicing in NZD and being slow to adjust invoiced prices in the face of exchange rate movements, smaller exporters tend to pass a greater proportion of exchange rate changes through to their customers than larger exporters, suggesting that demand effects may be an important explanation. 0.07 percentage points in the probability that an existing relationship will continue in the next quarter. 27 The effect on market entry among firms which have not exported to a destination in the prior three years is shown in column 5. Here, a ten percent increase in the level of the exchange rate index would imply a 0.04 percentage point lower probability of a firm entering that market, a substantial change relative to the mean probability of entry of 0.009.
There is also some evidence of a direct effect of changes in the degree of exchange rate volatility on destination-level export values. Among committed exporters, average export values are 3.5 percent lower following a period of 10 percent higher exchange rate volatility (column 2, ln(CoV) coefficient). However, direct impacts of exchange rate volatility on the extensive margin are not significantly different from zero for non-committed incumbents (column 4) or potential entrants (column 5).
In contrast, adding relevant coefficients shows that the value of exports to Australia is largely unresponsive to movements in the bilateral exchange rate, while the probability of exporting (both continued exports by incumbents and entry of new firms) actually increases when exchange rates are high. 28 A similar pattern is observed with respect to exchange rate volatility, which also appears to have no impact on the intensive margin for committed exporters and a positive effect on the probability of exports. One possible explanation is that since bilateral exchange rates are often positively correlated across New Zealand's major export destinations, Australia acts as a "safe haven" destination to soak up excess supply while minimising the costs associated with exporting in the face of unfavourable exchange rate fluctuations. In addition, given the lower entry costs associated with exporting to Australia, it is likely that the Australian market attracts a larger proportion of intermittent or serendipitous exporters, who may pay less attention to exchange rate fluctuations (implying fewer firms responding negatively, but not a positive coefficient). 29 Turning to the central hypothesis of this paper, table 3 examines whether exchange rate volatility also has an indirect effect on export performance by mediating the strength of the relationship with exchange rate levels. This analysis follows from equation 3, introducing an interaction between exchange rate levels and a set of dummy variables indicating the average degree of exchange rate volatility at the destination level (classification of countries is detailed in table A.3). While the underlying regressions mirror those in table 2, we report only the exchange rate level coefficients that capture the main margin of responsiveness for each of the three exporter types -the intensive margin effects among committed export relationships (column 1), the extensive margin for non-committed relationships (column 2), and the entry margin effects for non-incumbents (column 3) -corresponding to the coefficients shown in bold in table 2. Table 3 supports the hypothesis that perceived exchange rate volatility at the country-level dampens the impact of exchange rate levels on export performance, at least for the 27 Recall that the coefficient for the committed margin reflects the probability of observing positive exports in any given quarter, conditional on that relationship being observed in at least one quarter of every year. These coefficients are included for completeness but are less relevant for understanding the extensive margin as they do not indicate long-term exit.
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The relevant estimate for Australia in column 2 is −0.323 + 0.292 = −0.031, and is not significantly different from zero. In column 4, the joint coefficient for Australia is −0.007 + 0.079 = 0.072, significantly greater than zero at the 1% level. In column 5, the combined entry coefficient is −0.004 + 0.036 = 0.032, significantly different from zero at the 1% level.
29
As an indication of the relatively lower export sophistication of Australian exports, 15.3 percent of firms exporting to Australia in 2010 are never observed to export to another country. In contrast, among exporters to the US, UK and Japan, single-market exporters account for only 2.5, 1.7 and 4.3 percent of 2010 exporters respectively. extensive margin where we might expect the attenuation effect to be strongest. 30 Among incumbent exporters (column 2), a ten percent increase in the bilateral exchange rate reduces the probability of remaining in a market by around 0.10 to 0.13 percentage points, but only in countries with low to moderate exchange rate volatility. For countries where exchange rate volatility is high, firms do not appear to exit in response to an unfavourable exchange rate shift, consistent with a situation in which firms delay exit in the hope that any exchange rate increase will reverse. Similarly, among potential entrants, the probability of entry falls by around 0.04 to 0.05 percentage points in response to a ten percent increase in the bilateral exchange rate in low to moderate volatility countries, but is not affected in high volatility destinations.
As Australia is in the group of low volatility destinations, the joint coefficients for Australia in table 3 reflect the sum of the coefficients on ln(RER)×δ low and ln(RER)×δ Aust . By construction, these are almost identical to those observed in table 2, showing no significant effect of exchange rate rises on the intensive margin and a positive relationship between exchange rate levels and the probability of exporting to Australia.
In table 4 we test whether firms' reactions to exchange rate fluctuations differ depending upon various measures of their export sophistication. Our hypothesis is that larger, more sophisticated exporters, and those with greater market power may be less affected by exchange rate shocks due to their greater ability to spread or absorb risk (either across markets by operating a differentiated portfolio, or over time through improved access to finance or explicit exchange rate hedging) and/or a less elastic demand curve which enables them to maintain prices and demand in the face of exchange rate movements. Panels A and B focus on export sophistication and risk, distinguishing firms by their use of non-NZD invoice currencies and hedging experience 31 and the number of destination countries they export to over the sample period respectively, while panel C focuses on the potential for pricing (market) power, by distinguishing firms by the extent to which they export differentiated products.
Again we report only the key coefficients identified in bold in the table 2, and focus on the general results (top three rows) rather than those specific to Australia. Panel A suggests that export receipts of the most sophisticated exporter group -those that engage in explicit exchange rate hedging -are the most sensitive to exchange rate movements, except in the extensive margin case for non-committed incumbents. While explicit exchange rate hedging activity may imply a greater level of sophistication, it may also imply greater risk aversion on the part of the firm or that hedging behaviour itself is driven in part by the recognition that exchange rate movements will impact heavily on the firm's export receipts. Meanwhile, stronger impacts on export propensity among non-committed incumbents invoicing in the NZD may reflect demand influences -firms which price their goods in NZD are less likely to receive offshore orders when those NZD prices appreciate relative to other potential suppliers.
A consistent pattern also emerges when using number of export destinations as an indicator of firms' export sophistication (panel B). Here, the expected relationship between export sophistication and exchange rate sensitivity emerges for both the committed intensive margin and for non-committed incumbent exporters, with firms engaged in a small number 30 Recall that the link between exchange rate volatility and export hysteresis relies on there being some form of fixed costs which create a wedge between the exchange rate level at which a new firm would find it profitable to enter a market, and that at which an incumbent would choose to exit. These dynamics affect the extensive margin but are expected to be less relevant for the intensive margin. 31 Fabling & Sanderson (2015) find that use of foreign currencies is associated with stronger export performance, while Fabling & Grimes (2015) show that more successful exporters are also more likely to engage in explicit exchange rate hedging.
of markets experiencing more negative effects on both the probability of remaining in a market and the value of exports per quarter. In contrast, the entry margin shows the opposite relationship -firms which export to a larger number of destinations are more sensitive to exchange rates when considering whether to enter a new market, perhaps reflecting that these additional destinations are of marginal importance to the firm relative to their existing markets.
Panel C (differentiated products) results show a clear relationship between product differentiation and exchange rate sensitivity, with those firms that export mainly undifferentiated products (the "low" group) being significantly more affected by exchange rate movements across all three key margins. This consistency is particularly striking as many of New Zealand's largest exporting firms are primarily involved in the exports of raw materials, so that a substantial proportion of firms with low shares of differentiated goods are large, experienced exporters.
Co n c l u s i o n s
This paper has explored the impact of exchange rate fluctuations on firms' exports. We show that a rise in value of the New Zealand dollar relative to the currencies of trading partners reduces, in general, both the probability that firms will export and the value of NZD-converted export receipts per exporter. However, estimated exchange rate impacts for Australia, New Zealand's largest trading partner, differ substantially from those for other countries, consistent with Australia having played a special role in buffering New Zealand exporters against exchange rate shocks over the past decade.
In terms of the aggregate influence of exchange rates on export receipts, the most significant impacts (at least in the short-run) are intensive margin adjustments among committed export relationships. These relationships account for almost three-quarters of aggregate export receipts over the period from 2002 to 2011, and are materially affected by exchange rate movements -on average, a ten percent increase in the bilateral exchange rate (corresponding to around one standard deviation over the period) reduces average exports to that destination by around three percent among committed exporters, consistent with incomplete exchange rate pass-through in the short run. These committed exporters, by construction, have been able to continue exporting throughout the period, despite large fluctuations in bilateral exchange rates. However, when we exclude this small group of high-value relationships, extensive margin impacts are also significant, affecting both the probability of entry among potential exporters and the probability that incumbent firms will continue to export. 32 We also examine the relative strength of exchange rate responses across a range of firm characteristics finding, in particular, that greater product differentiation (a proxy for the ability to exercise market power) reduces exchange rate sensitivity, both in terms of export propensity and the value of export receipts among continuing exporters. In addition, we find that more sophisticated exporters (those that export to a greater number of countries) 32 While export receipts are certainly lower when bilateral exchange rate levels are high, this does not automatically translate to differences in the profitability of exporting at various points in the exchange rate cycle. In particular, we do not distinguish between changes in export volume and changes in the NZD value received for each unit, nor do we have information about the profit margins associated with exporting or how these change with exchange rate fluctuations.
are less sensitive to bilateral exchange rate with their existing markets, both in terms of the value of exports and the probability of exit. However, these firms are more inclined to avoid entering new markets when the relevant exchange rate is high, consistent with taking a more calculated approach to market entry.
Finally, the results provide new evidence on the link between exchange rate fluctuations and export hysteresis. Firms' decisions to enter and exit markets appear to be more sensitive to the level of the exchange rate in countries where exchange rates have historically been more stable. This finding is consistent with the work of Fitzgerald & Haller (2014) , who examine the more extreme case of exporter responses to permanent (tariff-related) versus transitory (exchange rate-related) shocks. Our work shows that, even in the absence of certainty, firms are more likely to respond to shocks that have a greater probability of persistence.
R e f er e n c e s Ta bl e s All regressions include country and quarter fixed effects, seasonal dummies, export history variables, and time-varying macro characteristics of destination countries (log GDP per capita and log population). In columns 2, 4 and 5 bold text indicates the key coefficients of interest -coefficients for committed export relationships in the intensive margin regression(column 2), coefficients for non-committed export relationships in the extensive margin regression for incumbents (column 4) and extensive margin coefficients for actual and potential entrants (column 5). The entry regression (column 5) uses a random sample of observations from the population of potential entrants, proportionate to the number of actual trade observations with each country (Nj) over the analysis period. In each column, † indicates combined coefficients for Australia (main effect plus coefficient on Australia interaction) which are significantly different from zero at the 5% level or better. (log GDP per capita and log population). The entry regression (column 5) uses a random sample of observations from the population of potential entrants, proportionate to the number of actual trade observations with each country (Nj) over the analysis period. In each column, letters indicate pairs of coefficients which differ significantly between low, medium and high volatility destinations at the 5% level or better. In each column, † indicates combined coefficients for Australia (main effect for low volatility countries plus coefficient on Australia interaction) which are significantly different from zero at the 5% level or better.
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App e n d i x A : D e f i n i t i o n s a n d s u m m a r y s t a t i s t i c s log of total export value by firm i to country j in quarter t. Extensive margin: δ(Xijt) dummy variable equal to 1 if Xijt > 0, zero otherwise.
Macroeconomic variables ln(RER)
log of quarterly real exchange rate index, defined as the number of NZD per foreign currency unit adjusted for CPI price levels (N ZD/Curr f × P d /P f ) ln(CoV) log of coefficient of variation of monthly real exchange rate index over the past 12 quarters ln(GDPpc) log of annual GDP per capita (2005 USD) ln (pop) log of annual population Export history variables ∆ij(δ(Xt−1), δ(Xt−2), δ(Xt−3)) 16 dummy variables representing the complete set of permutations of firm exports to country j, or to all other countries k = j, over the three years prior to quarter t. δ(Xt−m) is the extensive margin dummy in the m th prior year. ∆(·, ·, ·) aggregates these into unique patterns. Thus, a firm which exported to country j for the first time in the previous year would have ∆ij(1, 0, 0) = 1, while a firm which exported to any country k = j in each of the previous three years would have ∆ ik =j (1, 1, 1) = 1.
Prior exportsijt log of annual exports to country j (or to other countries (k = j)) over 3 prior years, averaged over those years where Xijt > 0. Set to 0 if t−1 t−3 Xij = 0.
Seasonal dummies, Siq
Seasonal dummies included to capture seasonality in firms' export product mix. Seasonal weights are calculated for each 2-digit Harmonised System product, based on the seasonality of aggregate exports in that product. Firms are then allocated high, medium, or low season dummies for each quarter of the year (q), according to the mix of products they export.
Firm-level characteristics
Invoice currency and hedging NZD-only Firm only ever invoices in NZD non-hedged Firm ever invoices in a non-NZD currency, but never hedges ever-hedged Firm ever invoices in a non-NZD currency and ever hedges against that exposure Diversity of export destinations Low Firm has exported to between 0 and 2 countries in the past three years Medium Firm has exported to between 3 and 9 countries in the past three years High Firm has exported to 10 or more countries in the past three years Differentiated product share Low 10 percent or less of firm's export value is in differentiated products (by Rauch, 1999, liberal definition) . Medium 11-89 percent of firm's export value is in differentiated products (by Rauch, 1999, liberal definition) . High 90 percent or more of firm's export value is in differentiated products (by Rauch, 1999, liberal definition) . continued on next page W P 1 5 / 0 8 E x c h a n g e ra te f l u c t u a t i o n s a n d t h e m a r g i n s o f ex p o r t 
